Neuropsychological research frequently uses non-clinical undergraduate participants to evaluate neuropsychological tests. However, a recent study by An and colleagues (2012, Archives of Clinical Neuropsychology, 27, 849-857) called into question that the extent to which the interpretation of these participants' performance on neuropsychological tests is valid. This study found that in a sample of 36 participants, 55.6% exhibited performance invalidity at an initial session and 30.8% exhibited performance invalidity at a follow-up session. The current study attempted to replicate these findings in a larger, more representative sample using a more rigorous methodology. Archival data from 133 non-clinical undergraduate research participants were analyzed. Participants were classified as performance invalid if they failed any one PVT. In the current sample, only 2.26% of participants exhibited performance invalidity. Thus, concerns regarding insufficient effort and performance invalidity when using undergraduate research participants appear to be overstated.
Green, Rohling, Lees-Haley, & Allen, 2001 ). Thus, a sufficient level of effort is a prerequisite for the valid interpretation of neuropsychological test scores. In the absence of sufficient effort, the test scores obtained may be unreliable (Heilbronner et al., 2009; Iverson & Binder, 2000; Moss, Jones, Fokias, & Quin, 2003) .
Several methods have been proposed to detect performance invalidity, including the use of specialized performance validity tests (PVTs). PVTs are tests that are designed to detect performance invalidity and may be constructed out of already-existing neuropsychological tests (embedded PVTs) or specifically designed to detect performance invalidity as stand-alone tests (free-standing PVTs). Although maintaining face validity as tests of cognitive abilities, PVTs are in fact easy enough for patients with a broad range of psychiatric, neurological, and developmental problems to pass (Heilbronner et al., 2009) . Ultimately, failure of free-standing PVTs has been associated with poorer performance on neuropsychological tests across multiple cognitive domains (Constantinou, Bauer, Ashendorf, & McCaffrey, 2005; Silk-Eglit, Stenclik, Miele, Lynch, & McCaffrey, 2013) .
In a recent study, An and colleagues (2012) found high rates of performance invalidity in a sample of non-clinical undergraduate research participants. Specifically, An and colleagues recruited a sample of 36 undergraduate participants from an introductory psychology class and tested them at two time-points. Participants were administered three free-standing PVTs, the Test of Memory Malingering (TOMM; Tombaugh, 1996) , the Victoria Symptom Validity Test (VSVT; Slick, Hopp, Strauss, & Thompson, 1997) , and the Dot Counting Test (DCT; Boone, Lu, & Herzberg, 2002) . Table 1 presents a description of the cutoffs implemented by An and colleagues on each of these three administered PVTs.
In their sample, An and colleagues found that 55.6% (n ¼ 20) of participants exhibited performance invalidity in Session 1, with the majority of examinees failing the VSVT (65%; n ¼ 13) or the DCT (45%; n ¼ 9). At follow-up, 30.8% (n ¼ 4) of participants were classified as performances invalid, the majority of whom failed the DCT (75%; n ¼ 3) followed by the VSVT (25%; n ¼ 1). No participants failed the TOMM during either session.
There may be several problems with An and colleagues (2012) study that limit the validity, generalizability and reliability of their findings. First, the authors used the VSVT in a manner that is not well-validated and/or recommended by the test manual. Specifically, An and colleagues created new cutoffs for their study on the VSVT for both total items correct and response latency scores. These cutoffs were established by examining distributions of scores in the initial validation sample of this test and setting performance invalidity cutoffs at the score that corresponded with the fifth percentile among non-clinical examinees. Thus, none of these cutoffs have been validated or recommended for use by the test authors. An and colleagues use of response latency scores as primary measures of performance validity may be especially problematic. In the initial validation sample for the VSVT, Slick and colleagues found that there was significant overlap between Easy and Difficult Item Response Latency scores for individuals exhibiting a valid performance, a questionably valid performance, and an invalid performance. Thus, Slick and colleagues recommend that, "clinical decisions regarding malingering should not be made on the basis of Easy and Difficult Items Response Latency scores alone. Rather, Easy and Difficult Items Response Latency scores should be used only in an ancillary manner for providing additional context for interpreting Items Correct scores" (p. 33). Secondly, An and colleagues sample may not generalize to most studies using undergraduate students as research participants. Specifically, the majority of An and colleagues sample was Asian and English was not their first language. Thirdly, the sample size of An and colleagues study was small (n ¼ 36). Given this small sample size, the reliability of their findings is questionable.
Given these potential problems with An and colleagues (2012) study, the current study was conducted to examine the replicability of their findings and to expand on their study. To evaluate the reliability and generalizability of their findings, a larger and more representative sample was recruited. In addition, to assess the validity of their performance invalidity classifications, we used performance validity cutoffs that have been well established. The current study expanded on An and colleagues by evaluating six PVTs in total, four of which were not used in their study. We hypothesized that the high rate of performance invalidity reported by An and colleagues might have been a sampling artifact that would not hold up to replication in a larger sample using well-accepted cutoff scores for identifying performance invalidity. 
Methods

Participants
The current study used archival data from two recent studies. Following institutional review board approval, 153 undergraduate research participants were recruited into the first study and 100 undergraduate research participants were recruited into the second study. All students were recruited through a University-based online recruitment system and all were enrolled in the University through which they were recruited. Participation in research was either mandated for course credit or students received course extra credit for their participation.
Only the control conditions in both of these studies were analyzed. The first study was a multi-site study in which participants were recruited through two separate universities, University at Albany, State University of New York, and University of Colorado Colorado Springs. In this sample (Sample 1; n ¼ 83), mean age was 21.61 (SD ¼ 5.61) years and mean education was 13.56 (SD ¼ 1.65) years. The majority of participants were female (59%), right-handed (93%), and non-Hispanic Caucasian (72%). In the second study, participants were recruited through University at Albany only. Participants in this sample (Sample 2; n ¼ 50) had a mean age of 19.10 (SD ¼ 1.25) years and mean education of 12.68 (SD ¼ 0.98) years. Again, the majority of participants were female (58%), right-handed (88%), and non-Hispanic Caucasian (64%). After combining both samples (n ¼ 133), mean age was 20.67 (SD ¼ 4.65) years and mean years of education was 13.22 (SD ¼ 1.49). The majority of participants were female (59%), right-handed (91%), and non-Hispanic Caucasian (69%). See Table 2 for a full listing of demographic variables in Sample 1, Sample 2, and both samples combined.
Materials
Participants were recruited through two separate studies and were thus administered two different batteries of tests. The control condition of the first study (Sample 1) was administered three PVTs and two cognitive tests. The PVTs were the Word Memory Test (WMT; Green, 2003) , the VSVT (Slick et al., 1997) , and the TOMM (Tombaugh, 1996) . The two cognitive tests were the Seashore Rhythm Test (Reitan & Wolfson, 1993) and the Speech Sounds Perception Test (Reitan & Wolfson, 1993) . Although embedded measures of performance validity have been developed for the Speech Sounds Perception Test and Seashore Rhythm Test, we omitted them from the current study for two reasons. First, previous research on these embedded measures has found that they do not have adequate classification accuracy (Miele, Gunner, Lynch, & McCaffrey, 2012) . Specifically, Miele and colleagues found that the embedded measure for the Speech Sounds Perception Test had a specificity of 0.93 and sensitivity of 0.33 and that the embedded measure for the Seashore Rhythm Test had a specificity of 0.83 and a sensitivity of 0.33. Second, aggregating too many measures of performance validity will likely increase the false-positive rate and overestimate the base rate of performance invalidity (Berthelson, Mulchan, Odland, Miller, & Mittenberg, 2013) . Not all examinees were administered every test due to computer malfunction or time limitations. Eighty-two participants were administered the WMT, 79 were administered the VSVT, and 78 examinees were administered the TOMM. In addition, 81 were administered the Seashore Rhythm Test and the Speech Sounds Perception Test. (Halstead, 1947) , the computer version of the Category Test (CT; Halstead, 1947; Hom, 2011; Reitan & Wolfson, 1993) , and the CVLT-II (Delis, Kaplan, Kramer, & Ober, 2000; Moore & Donders, 2004) . All examinees completed all of these tests.
Procedure
In the first sample, after providing informed consent, participants were administered five tests: TOMM, WMT, VSVT, Seashore Rhythm Test, and Speech Sounds Perception Test. To protect against order effects, the order of test administration was counterbalanced. Half of all participants were administered the WMT, Seashore Rhythm Test, and Speech Sounds Perception Test first and the TOMM and VSVT second, whereas the other half of participants were administered the TOMM and VSVT first and the WMT, Seashore Rhythm Test, and Speech Sounds Perception Test second. Administration of each test followed standardized administration procedures as set forth by each respective test manual. Cutoffs implemented for PVTs were those commonly used in clinical practice (see Table 3 ).
In the second sample, again, following informed consent, standardized administration of tests occurred in the following order: MSVT, Trails A, Trails B, Digit Span, FTT, MSVT delay, CVLT-II, CT, and delayed-recall and recognition of the CVLT-II. Examinees were then given a demographic information questionnaire and subsequently completed the CVLT-II FCR. The MSVT, CVLT-II FCR, and RDS were utilized as measures of performance validity. Again, cutoffs used for these PVTs were those commonly used in clinical practice (see Table 3 ).
Results
Analyses focused on documenting the base rate of performance invalidity in each sample. Table 4 presents the frequency and percentages of performance invalidity in Sample 1 (n ¼ 83), Sample 2 (n ¼ 50), and in both samples combined (n ¼ 133). As can be seen in this table, rates of PVT failure were quite low. In Sample 1, only 3.75% (n ¼ 3) of the sample failed any one of the three PVTs administered. Broken down by specific PVT, the majority of examinees failed the VSVT (n ¼ 2). Only one participant failed the WMT and no participants failed the TOMM. In Sample 2, no examinees were classified as exhibiting performance invalidity on any of the measures. After combining both samples, only three participants failed any PVT. This led to an estimated base rate of performance invalidity across all PVTs of 2.26% (CI 0.95 ¼ 0.00%-5.26%).
Owing to the low base rate of performance invalidity and consequent low power, the impact of performance validity classification on cognitive test scores was not analyzed.
Discussion
The current study evaluated the base rate of performance invalidity in two samples of non-clinical undergraduate research participants. Results suggested that very few participants exhibited performance invalidity. Specifically, when combining the results of all six PVTs across both samples, only 2.26% (CI 0.95 ¼ 0.00%-5.26%) of participants were identified as exhibiting performance invalidity. These results suggest that performance invalidity is relatively rare in non-clinical undergraduate research samples. Inspection of descriptive statistics of raw scores on all six PVTs further demonstrates the high level of performance exhibited by participants (see Table 5 for descriptive statistics on PVTs in Sample 1 and Sample 2). Specifically, for each PVT, mean performance was at or near the ceiling. Moreover, in all cases, mean performance was .2 SDs above performance invalidity cutoffs. In addition, it should be noted that using multiple PVTs to classify performance invalidity likely inflates estimated base rates relative to using a single PVT (Berthelson et al., 2013) . Thus, the true base rate of performance invalidity may be even ,2.26% documented in the current study.
The findings of the current study are in stark contrast to those of An and colleagues (2012) , in which 55.6% of their sample of non-clinical undergraduate research participants exhibited an invalid performance at initial assessment and 30.8% at a follow-up session. There are several important differences between the current study and An and colleagues that might account for this discrepancy in findings. First, the current study implemented different cutoffs on the VSVT than An and colleagues In particular, An and colleagues created new cutoffs for non-clinical examinees based on raw scores corresponding to the fifth percentile in the initial validation sample for both items correct and response latency scores. These cutoffs were omitted from the current study as the VSVT manual recommends against using response latency scores as primary measures of performance invalidity (Slick et al., 1997) and because these cutoffs have never been validated for use with non-clinical participants. As a result, implementing these cutoffs may have led to false-positive misclassification of participants as performance invalid and thus inflated the base rate of performance invalidity in An and colleagues's study. Second, An and colleagues used a different set of PVTs than the current study. Specifically, An and colleagues administered the VSVT, TOMM, and DCT. In contrast, in the current study, participants were administered the VSVT, TOMM, and WMT in Sample 1 and the MSVT, RDS, and FCR in Sample 2. Third, the composition of the sample in An and colleagues differed from the composition of the samples analyzed in the current study. Of particular importance, 77% of An and colleagues sample was Asian and half of their sample did not speak English as their first language. In contrast, the current samples were composed mostly of non-Hispanic Caucasian participants with only 10% and 8% of Sample 1 and Sample 2 consisting of Asian participants, respectively.
The results of the current study have significant implications for neuropsychological research using non-clinical undergraduate participants. Contrary to the claims of An and colleagues, performance invalidity does not appear to be a rampant problem in this mode of research. Thus, previous neuropsychological research using undergraduate research participants should not be rejected wholesale due to presumed high rates of performance invalidity or for failure to administer PVTs.
The current study is subject to a few limitations. First, although we used the VSVT and TOMM as in An and colleagues, the current study did not administer the DCT. Instead, the current study administered four different PVTs-the WMT, RDS, MSVT, and FCR-which enabled us to investigate the generalizability of An and colleagues findings. It could be argued that replacing the DCT with these four different PVTs may have reduced the base rate of performance invalidity in our sample. However, Strauss and colleagues (2002) found that when comparing the effectiveness of the VSVT, RDS, and computerized DCT with clinical examinees, the VSVT was best at detecting invalid performance, followed by the RDS then computerized DCT. Second, the current study was not able to evaluate whether performance invalidity was associated with poorer performance on cognitive tests due to the low base rate of performance invalidity and consequent low power of those comparisons. Third, the current study did not evaluate performance validity classification longitudinally as in An and colleagues Thus, we were unable to determine the temporal stability of performance invalidity.
In summary, the current study documented a dramatically lower base rate of performance invalidity than previous research and did so using a much larger, more representative sample and a more rigorous methodology. Therefore, concerns regarding insufficient effort and performance invalidity when using undergraduate research participants appear to be overstated.
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